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ABSTRACT
Zircon exsolution from rutile in ultra-high temperature (UHT;
>1000°C) lower crustal granulite xenoliths from South Africa
provides a record of the evolving conditions of extreme
metamorphism of continental crust. We hypothesize these
various reaction textures of zircon un-mixing from rutile are
related to the temperatures and the locations at which the rutile
crystals grew and reacted during the metamorphic evolution of
the granulite. Through detailed analysis of hundreds of rutile
grains we plan to correlate the exsolution reaction textures
with quantitative Ti and Zr concentrations and U-Pb
geochronology in both mineral phases to build a timetemperature history of UHT metamorphism.
MOTIVATING QUESTIONS
• How do the exsolution textures of zircon from the rutile
arise from the conditions of UHT metamorphism?
• How can the microscopic textures of exsolution of zircon
from the rutile inform us about continental scale geologic
processes?
• What are the thermal and/or tectonic events that led to the
UHT metamorphism?

INITIAL RESULTS
Three distinct reaction textures of zircon exsolution have been
identified in initial BSE imaging:
• Type I – Homogenous rutile grains with no reaction texture or
exsolution of zircon
• Type II – Rutile grains with zircon exsolution lamellae in
crystallographically coordinated, or shaped preferred
orientations on 3-4 distinct axes
• Type III – Mostly homogenous rutile grains with grain
boundary concentrations and embayments of zircon on rutile
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Figure 2: Type I mostly homogenous rutile grains with no zircon reaction texture. (A)
grain split by boundary, (B) partially replaced rutile (C) partially replaced rutile crystal.

GEOLOGIC SETTING
Archean age (>2.5Ga) lower crustal granulite xenoliths found
entrained in intercratonic Proterozoic age (~1.0-1.5Ga)
kimberlite eruptions (Lace and Voorspoed).

DISCUSSION
The different zircon reaction textures seen in the rutile may be
related to the temperature and location of the rutile grain during
metamorphism.
• The type I rutile grain shows no reaction texture with zircon,
and either did not exsolve zircon or it was removed
subsequently.
• The type II grain shows the most developed reaction texture
with exsolution happening in at least 3-4 crystallographically
or shaped preferred orientations throughout the entire crystal.
• The type III grain shows zircon crystallizing along the rim of
the rutile grain which could be due to reaction at the grain
boundary with other silica bearing minerals producing a
zircon rim or embayment.
CONTINUING RESEARCH
• Categorize all rutile grains according to their reaction
textures as either type I,II,III
• Utilize laser ablated inductively coupled plasma mass
spectrometry (LA ICP-MS) to sample rutile grains for Ti
and Zr compositions and geochronology
• Utilize thermal ionization mass spectrometry for high
precision U-Pb geochronology of both rutile and zircon
phases
• Use the composition and geochronology data to build a
time-temperature history of the UHT metamorphism
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Figure 3: Type II rutile grains showing zircon exsolution in 3-4 crystallographically
coordinated orientations. (A) Exsolution axes orthogonal to each other and extending
beyond the rutile crystal, (B) Exsolution axes at 60°/120° to each other, (C) exsolution
axes orthogonal to each other and at 60°/120° to each other.

Figure 5: Thermal Ionization Mass Spectrometer and loading columns for U/Pb dating
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Figure 1: Geologic map of South Africa from Schmitz and Bowring (2003), adopted from
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Singletary (1999). Stars marked (La) and (V) are the two sample locations, the Lace
and Voorspoed kimberlites.

Figure 4: Type III rutile grains with embayments of zircon. (A) embayments and
inclusions of zircon, (B) embayments of zircon with inclusion zircon showing some
preferred orientation, (C) embayment of zircon with shape preferred inner-growth.
All images taken in backscatter electron imaging at 200x magnification.

This project is supported by the Ronald E. McNair Post
Baccalaureate Achievement Program and the Isotope
Geology Laboratory (IGL) at Boise State University. Sincere
thank you to Dr. Mark Schmitz, Director of the IGL, for his
mentorship and guidance throughout my undergraduate
career; and a big thank you to all of the staff and graduate
students in the lab for their support

1

